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Abstract
We study neutrino and dark matter based on a gauged U(1)R symmetry in a framework of
radiative seesaw scenario. Identifying dark matter as a bosoninc particle, it interacts with quark
and lepton sectors through vector-like heavier quark and leptons, and plays an role in generating
neutrino mass matrix together with neutral heavier fermions. We explore several constraints for
masses and couplings related to dark matter by computing relic density and direct search, taking
the neutrino oscillation, lepton flavor violations, and muon anomalous magnetic moment into
account. Finally, we briefly mention semileptonic decays and neutral meson mixings at one-loop
box diagrams through dark matter.
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I. INTRODUCTION
It is important to understand the neutrino sector in order to complete the standard
model(SM). The simplest way to construct the neutrino mass matrix is to introduce heavier
right-handed neutrinos in a renormalizable theory. If one needs a principle to introduce them,
a gauged Baryon minus Lepton number symmetry U(1)B−L [1, 2] or right-handed symmetry
U(1)R [3–14] is a promising candidate to accommodate them with natural manner. Both
of the symmetries demand three families of right-handed neutrino so as to cancel chiral
anomalies. Furthermore, U(1)R models require two Higgs isospin doublets to generate the
masses of SM fermions, which are different from the feature of U(1)B−L models. These two
models can be distinguished by measuring a forward-backward asymmetry through each of
the extra gauge bosons at International Linear Collider [15], since only the right-handed SM
particles interacts with the extra gauge boson in U(1)R model.
It is also essential to involve non-baryonic dark matter (DM) candidate as a particle
into the SM model, and it occupies the Universe by 26.5% [16]. Weakly Interacting Massive
Particles (WIMPs) are one of promising candidates of DM, and in this paper we suppose the
WIMPs as DM [17]. Despite attempts to detect DM by direct detection, indirect detection
and collider search, consistent understanding of direct searches and observations have not
been obtained yet. Especially, for O(100) GeV mass DM, stringent constraints are put for
mass-interaction cross section parameter space by direct detections [18, 19]. The direct
search is being extended to lighter parameter region than that [20–27] and with directional
sensitivity [28–34].
In this paper, we consider neutrino and DM based on gauged U(1)R symmetry in a
framework of radiative seesaw scenario [35]. This radiative seesaw scenario is renowned as
an elegant method to connect the neutrino sector and DM at loop levels. It suggests that
the smallness of neutrino masses should originate from direct interaction with DM. In other
words, the neutrinos do not couple to the SM Higgs with direct manner. To realize our
radiative seesaw model, we also introduce an additional Z2 symmetry in order to forbid the
Dirac neutrino mass term at the tree level. In order to retain the anomaly free, we introduce
vector-like fermions and another neutral fermions with zero-charges under U(1)R symmetry.
These vector-like fermions play an role in connecting the DM and the SM fermions of quark
and lepton sectors, and provides fruitful phenomenologies on DM physics as well as neutrino
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L L
′a H ϕ χ
SU(3)C 3 3 3 3 1 1 1 1 1 1 1 1
SU(2)L 2 1 1 2 2 1 1 1 2 2 1 1
U(1)Y
1
6
2
3 −13 16 −12 −1 0 0 -12 12 0 0
U(1)R 0 x −x x 0 −x x 0 x x 2x x
Z2 + + + − + + − − − + + −
TABLE I: Charge assignments of the our fields under SU(3)C × SU(2)L × U(1)Y × U(1)R × Z2,
where the upper index a is the number of family that runs over 1-3.
sector. The U(1)R symmetry also assures stability of DM even after the symmetry is broken.
This letter is organized as follows. In Sec. II, we introduce our model by writing down all
the allowed valid Lagrangian. Then, we construct the neutral fermion mass matrix including
the active neutrino mass matrix, and formulate the lepton flavor violations (LFVs) and muon
anomalous magnetic moment (muon g-2). And we estimate the muon g-2 in terms of relevant
Yukawa couplings. In Sec.III, we discuss DM and estimate its mass and the valid Yukawa
couplings by considering the relic density and direct searches of DM. In Sect.IV, we discuss
the other possibilities such as semi-leptonic decay and neutral meson mixings. Finally we
devote the summary of our results and the conclusion.
II. MODEL SETUP AND CONSTRAINTS
In this section we formulate our model. As for fermions, we introduce three families of
right(left)-handed isospin singlet fermions NR(SL) with x(0) charge under the U(1)R gauge
symmetry, and isospin doublet vector fermions Q′ ≡ [u′, d′]T and L′ ≡ [N ′, E ′]T with x
U(1)R charge.
1As for bosons, we add an isospin singlet boson ϕ with 2x, and an inert one
χ ≡ (χR + iχI)/
√
2 with x, and an isospin doublet H1 with x, where we denote each of
the vacuum expectation values to be 〈H〉 ≡ [0, vH/
√
2]T , and 〈ϕ〉 ≡ vϕ/
√
2. Furthermore,
the SM Higgs boson H also has x charge to induce all the masses of SM fermions from the
1 Although we introduce three families of L′, Q′ for simplicity, three families are not needed. In case of L′,
two families are enough in order to reproduce neutrino oscillation data. In case of Q′, one family may be
fine because it does not affect to any masses of SM.
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Yukawa Lagrangian after the spontaneously symmetry breaking. All the field contents and
their assignments are summarized in Table I. The relevant Yukawa Lagrangian and Higgs
potential under these symmetries is given by
−Lℓ = yiiu Q¯iH˜uiR + yijd Q¯iHdjR + yℓiiL¯iLHeiR + fαiL¯′αRLiLχ+ hαiQ¯′αRQiLχ
+ yNaaϕ
∗N¯aRN
ca
R +MSaaS¯
a
LS
ca
L +ML′αβ L¯
′α
L L
′β
R +MQ′αQ¯
′α
LQ
′α
R + h.c., (1)
V = V tri2 + V tri4 + µ1ϕ∗χ2 + h.c., (2)
where H˜ ≡ iσ2H∗, upper indices i, j, α, a = 1 − 3 are the number of flavors, and yu, yℓ, yN ,
MS,MQ′ are supposed to be diagonal. The µ1 term plays an role in generating the mass
difference between χR and χI ; m
2
R−m2I =
√
2µ1vϕ where mR,I is the mass eigenstate of χR,I .
Also V tri2 and V tri4 are trivial quadratic and quartic terms of the Higgs potential, respectively.
Therefore, V tri2 =
∑
φ=H,ϕ,χ µ
2
φ|φ|2, V tri4 =
∑H,ϕ,χ
φ′≤φ λφφ′ |φ|2|φ′|2.
A. Neutral fermions
After the spontaneously symmetry breaking, neutral fermion mass matrix with 9×9 based
on [N ′R, N
′c
L , S
c
L]
T is given by
MN =


0 MTL′ 0
ML′ 0 m
′
0 m′T MS

 , (3)
where m′ ≡ gvH2/
√
2. Then MN is diagonalized by unitary matrix VN as DN ≡ V TNMNVN
and N = VNψ, where DN is mass eigenvalue and ψ is mass eigenstate.
The neutrino mass matrix arises from the following Lagrangian
−LY = 1√
2
3∑
k=1
(V †N)akfkjψ¯Raν
j
L(χR + iχI) + h.c., (4)
where χ ≡ (χR + iχI)/
√
2. The resulting mass matrix is given by
(mν)ij =
9∑
a=1
3∑
k,k′=1
fTik(V
∗
N)kaDNa(V
†
N)ak′fk′j
2(4π)2
[
m2R
m2R −D2Na
ln
m2R
D2Na
− m
2
I
m2I −D2Na
ln
m2I
D2Na
]
= fTRf, (5)
Rkk′ ≡ 1
2(4π)2
9∑
a=1
(V ∗N)kaDNa
[
m2R
m2R −D2Na
ln
m2R
D2Na
− m
2
I
m2I −D2Na
ln
m2I
D2Na
]
(V †N)ak′, (6)
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wheremR,I is mass eigenstate of χR,I , andmν is diagonalzied by a unitary matrix UPMNS [36];
Dν ≡ UTPMNSmνUPMNS. Since R is a symmetric matrix with three by three, Cholesky de-
composition can be done as R = T TT , where T is an upper-right triangle matrix[37]. T is
uniquely determined by R except for their signs, where we fix all the components of T to be
positive signs. Then, the Yukawa coupling f is rewritten in terms of the other parameters
as follows [38]:
f = [V ∗MNSD
1/2
ν O(T T )−1]T , (7)
where O is three by three orthogonal matrix with an arbitrary parameters and we take
Max[fαi]. 1.2 as a perturbative limit.
B. Lepton flavor violations and anomalous magnetic moment
Before discussing LFVs, we define the heavier charged-lepton mass matrix as DE ≡
V †ELML′VER and E
′−
L,R = VEL,Rψ
−
L,R. Here DE is mass eigenvalues, and ψ
±
L,R is mass eigen-
states. Then, lepton flavor-violating (LFV) processes arise from the following Lagrangian
LY = fai√
2
E¯ ′RaℓLi(χR + iχI) + h.c. = Gαiψ¯
−
Rα
ℓLi(χR + iχI) + h.c., (8)
where Gαi ≡
∑3
a=1(V
†
ER
)αafai/
√
2 and (ℓ1, ℓ2, ℓ3) ≡ (e, µ, τ) 2. The corresponding branching
ratio is given by [43, 44]
BR(ℓi → ℓjγ) = 48π
3αemCij
(4π)4G2F
(
1 +
m2ℓj
m2ℓi
) ∣∣∣∣∣
3∑
α=1
∑
J=R,I
G†jαGαiF (mJ , DEα)
∣∣∣∣∣
2
, (9)
F (m1, m2) =
m62 − 6m42m21 + 3m22m41 + 2m61 + 6m22m41 ln
[
m2
2
m2
1
]
12(m22 −m21)4
, (10)
where the fine structure constant αem ≃ 1/128, the Fermi constant GF ≃ 1.17×10−5 GeV−2,
and (C21, C31, C32) ≃ (1, 0.1784, 0.1736). The current experimental upper bounds at 90%
confidence level (CL) are [45, 46]
BR(µ→ eγ) < 4.2× 10−13 , BR(τ → eγ) < 3.3× 10−8 , BR(τ → µγ) < 4.4× 10−8 .
(11)
2 The other LFV processes such as ℓi → ℓjℓkℓ¯ℓ and µe→ ee have been discussed in refs. [40–42].
5
Muon g− 2 is positively found via the same interaction with LFVs and its form us given by
[43, 44]
∆a(1)µ ≈ 2
m2µ
(4π)2
3∑
α=1
∑
J=R,I
G†2αGα2F (mJ , DEα), (12)
where the discrepancy of the muon g − 2 between the experimental measurement and the
SM prediction is given by [47]
∆aµ = (26.1± 8.0)× 10−10. (13)
We show global numerical analysis, satisfying the constraints of neutrino oscillation data,
LFVs, and the perturbative limit of Max[fαi]. 1.2. In Fig. 1, we demonstrate allowed region
between Max[fαi] and ∆aµ, in which the maximum value of ∆aµ is about 2 × 10−10. Even
though it does not reach the measured value of ∆aµ ∼ 10−9, we expect it can be tested by
future experiments such as Belle II [52] soon.
FIG. 1: Parameter region in terms of Max[fαi] and ∆aµ, satisfying the constraints of neutrino
oscillation data, LFVs, and the perturbative limit of Max[fαi]. 1.2.
III. DARK MATTER
This model is also interesting in that it includes neutral fields χ, the lightest particle of
NR and ψ which can be DM candidate. In terms of the energy density in unit of the critical
density, the constraint is [19]
ΩDMh
2 = 0.120± 0.001, (14)
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where ΩDM and h are energy density of DM in unit of the critical density and the Hubble
parameter, respectively. Among electrically neutral fields described in Table I, the lightest
particle of neutral fermions NR or ψ is stable due to Z2 parity, while χ another Z2 symmetry
which is residual after the spontaneously symmetry breaking of U(1)R. As well as the
abundance of DM, its direct detection places a severe constraint on DM-nucleon interaction.
The most stringent constraint is given by XENON1T experiment, which excludes the spin-
independent DM-proton cross section
σSIp & 10
−9pb (15)
for O(100) GeV DM mass [27]. In Section IIIA, we investigate parameter region satisfying
the constraints of the relic abundance and the direct detection.
A. Numerical analysis
FIG. 2: Parameter region satisfying the constraints of the relic abundance of DM and direct
searches. Blue + and red • represent points for constraint to agree with Eq. (14) within 3σ and
ΩDMh
2 ≤ 0.120, respectively. All the points satisfy the constraints by direct search Eq. (15) and
LFVs described in Fig.1.
In Figure 2, the parameter region satisfying the constraints of the thermal relic abundance
and the direct detection of DM as well as constraints discussed in Sec.II B is shown. Random
scans of the parameters 900 ≤ mQ′a , mNa
R
, mSa
L
, mL′ , mϕ ≤ 1300 GeV, 0.002 ≤ hαi ≤ 0.01,
0.002 ≤ (couplings of the Higgs potential in Eq.(2)) ≤ 0.01 are performed. Micromegas 5.0
[48] is used to calculate the thermal relic abundance of χ.
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• In the region where Max[fαi] is larger than 0.4, the annihilation process χχ→ τ ′ → τ τ¯
and χχ→ µ′ → µµ¯ dominate the contribution to the relic abundance due to relatively
large fαi coupling. Scattering process qχ→ Q′ →qχ contributes to the direct detection
and it gives constraint to the coupling hαi, typically hαi ≤ 0.008.
• In the region 450 < mχ < 650 GeV and Max[fαi] is smaller than 0.4, there are
also points satisfying the constraints. Annihilation process χχ → ϕ → hh is main
contribution for the thermal production. Since the ϕmass is taken as 900 ≤ mϕ ≤ 1300
GeV, the annihilation cross section is enhanced due to ϕ resonance in this region.
With smaller fαi than that, coannihilation processes including N
a
R can be enhanced
if χ and one of NaR have degenerate masses. However, the parameter region where
such coannihilation processes give dominant contribution is not favored because it is
difficult to satisfy both the relic abundance and the direct detection constraint.
• Taking the result of DM analysis into consideration; 0.4 . Max[fαi] . 0.6, we find
that muon g-2 is about 10−10 at most.
IV. SEMI-LEPTONIC DECAYS AND NEUTRAL MESON MIXINGS
We discuss semi-leptonic decays of b → sℓ¯ℓ. If our DM is definitely a real scalar, these
processes would vanish. But if DM is complex, we find non-vanishing contributions from
box diagrams. Furthermore, we can approximately consider it as a complex scalar, since the
mass difference between χR and χI is expected top be very small in order to get a larger
Yukawa couplings of f . In our model, we have the following effective Hamiltonian at box
one-loop diagram [49, 50]:
Heff =
3∑
a,b=1
h†3aha2G
†
ℓbGbℓF (MQ′a, DEb)(s¯γµPLb− ℓγPLℓ)
≡ −CSM [Cℓℓ9 O9 − Cℓℓ10O10], (16)
F (ma, mb) =
1
2(4π)2
∫ 1
0
[dx3]
xdx
xm2χ + yM
2
Q′a
+ zD2Ea
, CSM ≡ VtbV
∗
tsGFαem√
2π
, (17)
where [dx3] ≡ dxdydzδ(1 − x − y − z), GF ≡ 1.17 × 10−5 GeV−2 is Fermi constant,
αem ≡ 1/128.9 is the electromagnetic fine structure constant, Vtb, Vts are the 3-3 and 3-
2 components of the Cabbibo-Kobayashi-Maskawa (CKM) matrix, respectively. Therefore,
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the new contribution to the Cℓℓ9 in case of C
ℓℓ
9 = −Cℓℓ10 is given by
Cℓℓ9 = −
1
CSM
3∑
a,b=1
h†3aha2G
†
ℓbGbℓF (MQ′a, DEb). (18)
In case of ℓ = µ, anomaly is reported, and its deviation is given by [-0.85,-0.50]([-1.22,-0.18])
at 1σ(3σ) CL, where the best fit value is -0.68 [51]. We have to consider the process of
Bd/s → µ¯µ that gives the following constraint [53]:
Cµµ31(2) ≡
3∑
a,b=1
h†3aha1(2)G
†
2bGb2F (MQ′a , DEb) . 5(3.9)× 10−9GeV−2. (19)
The neutral meson mixings also give constraints [54]. The most stringent constraint is
Bs − B¯s mixing, which is denoted by ∆mBs , and our new contribution is restricted by
∆mBs ≈
2
3
mBsf
2
Bs
3∑
a,b=1
h†3aha2h
†
3bhb2F (MQ′a ,MQ′b), (20)
where fBs ≈ 0.274 GeVmBs ≈ 5.367 GeV [55, 56]. Then, we find the following constraint [57,
58]:
−2.27× 10−12GeV . ∆mBs . 1.07× 10−12GeV. (21)
Taking the result of our previous numerical analysis into account, we estimate these
values. Then, we found that all of them are tiny compared to observables. Therefore, their
maximum values are give by
Max[Cµµ9 ] ≈ 2.43× 10−7, (22)
Max[Cµµ31 ] ≈ 3.95× 10−16, Max[Cµµ32 ] ≈ 3.96× 10−16, (23)
∆mBs = 3.52× 10−22GeV. (24)
Even though we cannot explain the anomaly of b → sµµ¯, the other constraints are totally
safe in our model. Moreover, there is a possibility to explain the DM and anomaly of
b→ sµµ¯ simultaneously, if we consider the fermionic DM candidate; the lightest particle of
NR or ψ. Since the fermionic DM does not couple to any quarks, h would not be restricted
by the direct detection of DM searches. Thus, a large h is allowed. In case of the lightest NR
DM, especially, it couples neither to fαi nor hαi. fαi and hαi are free from the constraints
9
of DM origins. Thus, we have more degrees of freedom. The detailed analysis would be a
future work. 3
V. SUMMARY AND CONCLUSIONS
We have studied the neutrino and DM based on a gauged U(1)R symmetry in a framework
of radiative seesaw scenario. The bosoninc DM can interact with quark and lepton sectors
through vector-like heavier quark and leptons, and plays an role in generating neutrino mass
matrix together with neutral heavier fermions. We have found several constraints for related
masses and couplings on DM by comparing our theoretical results with the experimental
ones of relic density and the direct detection searches. Considering all the constraints, we
have obtained the maximum value of muon g-2 is of the order 10−10 that might be tested in
future experiments.
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